DESCRIPTION 

SEMICONDUCTOR DEVICE AND 
METHOD FOR FABRICATING THE SAME 

5 

TECHNICAL FIELD 

The present invention relates to a semiconductor device including a metal 
interconnect and a method for fabricating the semiconductor device, and more particularly 
relates to a barrier metal film and a method for forming the barrier metal film. 

10 

BACKGROUND ART 

In recent years, as the feature size of semiconductor integrated circuit devices 
(which will be hereinafter referred to as "semiconductor devices") becomes smaller, a 
combination of a copper interconnect and an insulation film having a low dielectric 

15 constant, i.e., a so-called low-k film has been adopted as a multi-layer interconnect of a 
semiconductor device. With use of such a multi-layer interconnect, RC delay and power 
consumption can be reduced. Furthermore, to increase the degree of integration, function 
and operation speed of a semiconductor device, use of a low-k film having an even lower 
dielectric constant than that of those presently used is examined. 

20 A copper interconnect is usually formed using a damascene technique. Damascene 

techniques include a single damascene technique in which an interconnect and a via plug 
are alternately formed and a dual damascene technique in which an interconnect and a via 
plug are simultaneously formed. 

Hereinafter, a method for forming a multi-layer interconnect by a damascene 

25 technique will be described with reference to FIGS. 11(a) and 11(b). 



2 



As shown in FIG. 11(a), a first insulation film 102 is formed on a silicon substrate 
101 and then a first copper interconnect 104 which is a copper interconnect of a lower 
layer including a first barrier metal film 103 is formed in the first insulation film 102. On 
the silicon substrate 101, a transistor and the like (not shown) are formed. Subsequently, a 
5 dielectric barrier film 105 for preventing diffusion of copper and a second insulation film 
106 are formed in this order over the first insulation film 102 and the first copper 
interconnect 104. Thus, an insulation layer including the diffusion film 105 and the second 
insulation film 106 is obtained. 

Next, a via hole 106a is formed in the dielectric barrier film 105 and the second 

10 insulation film 106 and an interconnect trench 106b is formed in the second insulation film 
106. Thus, a recess portion 106c including the via hole 106a and the interconnect trench 
106b is obtained. The via hole 106a and the interconnect trench 106b are formed by 
process steps of forming a dual damascene interconnect trench (i.e., the recess portion 106c 
including the via hold 106a and the interconnect trench 106b) using known lithography, 

15 etching, ashing and cleaning. In general, a method in which after formation of the via hole 
106a, the interconnect trench (trench) 106 is formed has widely used (see, for example, 
Patent Reference 1 ). 

Next, a second barrier metal 107 is formed so as to cover surfaces of the recess 
portion 106c using physical vapor deposition (PVD) or like film formation method. 

20 Next, on the second barrier metal film 107, a copper seed layer is formed by 

physical vapor deposition and then a copper film is formed by copper electroplating using 
the copper seed layer as a seed so as to fill the recess portion 106c and cover an entire 
surface of the second insulation film 106. Subsequently, parts of the copper film and the 
second barrier metal film 107 located on the second insulation film, except for parts 

25 thereof located inside the recess portion 106c, are removed by chemical mechanical 
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polishing (CMP) to form a second interconnect 108 including a via plug. Note that the 
second copper interconnect 108 may be an interconnect, a via plug, or a combination of an 
interconnect and a via plug. A multi-layer interconnect can be formed by repetition of a 
series of the process steps described above. 
5 Materials used for the second insulation film 106 and the second barrier metal film 

107 will be described with reference to FIG. 11(b). 

As the dielectric barrier film 105, a silicon nitride film, a silicon nitride carbide 
film, a silicon carbide oxide film or the like is used. The copper dielectric barrier film 105 
has the function of preventing diffusion of copper forming the first interconnect 104 which 

10 is a lower layer into the second insulation film 106. 

As the second insulation film 106, a silicon oxide film, a fluorine-doped silicon 
oxide film, a silicon oxide carbide film, or an insulation film formed of an organic film is 
used. That is, the second insulation film 106 may be a film selected from the group 
consisting of the films shown in FIG. 11(b) (note that in FIG. 11(b), the case where the 

15 second barrier metal film 107 is a metal nitride film is shown). Each of the films may be a 
film formed by chemical vapor deposition or a SOD (spin on dielectric) film formed by 
spin coating. 

In general, copper is easily diffused in an insulation film such as silicon oxide film 
by heat or an electric field. This tends to be a cause of deterioration of transistor 

20 characteristics. Moreover, copper has poor adhesion with an insulation film. Therefore, in 
forming a copper interconnect, a method in which a barrier metal film of a tantalum film or 
a tantalum nitride film is formed between copper and an insulation film to prevent 
diffusion of copper into the insulation film and also to improve adhesion between the 
insulation film and copper has been proposed (see, for example, Patent Reference 2). A 

25 tantalum film or a tantalum nitride film is used as a single layer or a lamination layer 
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structure. 

However, for example, in the above-described example, when a refractory metal 
such as tantalum is used as the second barrier metal film 107, adhesion between the second 
insulation film 106 in which the recess portion 106c is formed and the refractory metal 
5 film is poor. To cope with the problem of such poor adhesion, for example, if a tantalum 
film is used as the second barrier metal film 107, a tantalum nitride film is formed between 
the second barrier metal film 107 made of a tantalum film and the second insulation film 

106 to improve poor adhesion. But, in this manner, sufficient adhesion is still not 
obtained. 

10 Moreover, when a tantalum film is used as the second barrier metal film 107, the 

tantalum film is oxidized in forming copper by electroplating, so that a high resistance 
tantalum oxide film is formed. For this reason, increase in interconnect resistance can not 
be avoided. 

Moreover, when a tantalum nitride film is used as the second barrier metal film 
15 107, the tantalum nitride film is not oxidized. However, a tantalum film has a high 
resistance and adhesion with copper is poor. 

Furthermore, when a titanium film or a titanium nitride film is used as the second 
barrier metal film 107, the same problems arise as when a tantalum film or a tantalum 
nitride film is used. 

20 In view of the above-described problems, a metal such as ruthenium and iridium 

which itself or whose oxide has a low resistance is used as the second barrier metal film 

107 to achieve reduction in resistance of the second barrier metal film 107 (see, for 
example, Patent Reference 3 and Patent Reference 4), and this technique has attracted 
interest. In general, such metals are formed by atomic layer deposition or chemical vapor 

25 deposition. 
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(Patent Reference 1) Japanese Laid-Open Publication No. 10-223755 
(Patent Reference 2) Japanese Laid-Open Publication No. 2002-43419 
(Patent Reference 3) Japanese Patent Publication No. 3409831 
(Patent Reference 4) Japanese Laid-Open Publication No. 2002-75994 

5 

DISCLOSURE OF INVENTION 

Problems that the invention is to solve 

However, when a refractory metal film such as tantalum and ruthenium is used as a 
barrier metal film, the problem of poor adhesion between an insulation film formed in 
10 which a recess portion for a damascene interconnect and the barrier metal film of a 
refractory metal film arises. Such poor adhesion between the insulation film and the 
barrier metal film can be improved by forming a metal nitride film between the barrier 
metal film of a refractory metal and the insulation film, compared to the case where a 
barrier metal film of a refractory metal film is formed directly on the insulation film. But, 
15 another problem of increase in the resistance of the barrier metal arises. 

In view of the above described problems, it is therefore an object of the present 
invention to provide a semiconductor device including a barrier metal film with a low 
resistance and excellent adhesion between an insulation film and an interconnect and a 
method for fabricating the semiconductor device. 

20 

Means of solving the problems 

To achieve the above-described object, a first semiconductor device according to a 

present invention is characterized in that the semiconductor device includes: an insulation 

film formed on a substrate; a buried metal interconnect formed in the insulation film; and a 

25 barrier metal film formed between the insulation film and the metal interconnect, and the 



6 



barrier metal film is a metal compound film, and the metal compound film contains at least 
one of elements forming the insulation film. 

In the first semiconductor device, a common element of the metal compound film 
and the insulation film exists at an interface between the metal compound film and the 
5 insulation film, so that adhesion between the metal compound film and the insulation film 
is remarkably improved, compared to the case where the common element does not exist at 
the interface between the metal compound film and the insulation film. Therefore, a highly 
reliable semiconductor device including a multi-layer interconnect with excellent adhesion 
can be achieved. 

10 To achieve the above-described object, a second semiconductor device according to 

the present invention is characterized in that the semiconductor device includes: an 
insulation film formed on a substrate; a buried metal interconnect formed in the insulation 
film; and a barrier metal film formed between the insulation film and the metal 
interconnect, the barrier metal film is formed of a metal compound film provided so as to 

15 be in contact with the insulation film and a film including one or more metal-containing 
layers and formed on the metal compound film, and the metal compound film contains at 
least one of elements forming the insulation film. 

In the second semiconductor device, a common element of the metal compound 
film and the insulation film exists at an interface between the metal compound film and the 

20 insulation film, so that adhesion between the metal compound film and the insulation film 
is remarkably improved, compared to the case where the common element does not exist at 
the interface between the metal compound film and the insulation film. Moreover, the 
barrier metal film includes the metal compound film and the film including one or more 
metal-containing layers and formed on the metal compound film. Thus, an overall 

25 resistance of the barrier metal film can be reduced. Therefore, a highly reliable 
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semiconductor device including a multi-layer interconnect with a low resistance and 
excellent adhesion can be achieved. 

In the second semiconductor device of the present invention, it is preferable that the 
film including one or more metal-containing layers is formed of a metal film, a metal 
5 compound film or a multi-layer film including a combination of selected ones of the metal 
film and/or the metal compound film. 

Thus, a low resistance barrier metal film can be formed and adhesion in a metal 
lamination film can be improved. Therefore, a highly reliable semiconductor device 
including a multi-layer interconnect with a low resistance and excellent adhesion can be 
10 achieved. 

In each of the first and second semiconductor devices of the present invention, it is 
preferable that the metal compound film is a metal nitride film, and the insulation film 
contains nitrogen. 

Thus, nitrogen which is a common element of the metal compound film and the 
15 insulation film exists at an interface between the metal compound film and the insulation 
film, so that adhesion between the metal compound film and the insulation film is 
remarkably improved, compared to the case where the common element does not exist at 
the interface between the metal compound film and the insulation film. Therefore, a highly 
reliable semiconductor device including a multi-layer interconnect with a low resistance 
20 and excellent adhesion can be achieved. 

In each of the first and second semiconductor devices of the present invention, it is 
preferable that the metal compound film is a metal oxide film, and the insulation film 
contains oxygen. 

Thus, oxygen which is a common element of the metal compound film and the 
25 insulation film exists at an interface between the metal compound film and the insulation 



film, so that adhesion between the metal compound film and the insulation film is 
remarkably improved, compared to the case where the common element does not exist at 
the interface between the metal compound film and the insulation film. Therefore, a highly 
reliable semiconductor device including a multi-layer interconnect with a low resistance 
5 and excellent adhesion can be achieved. 

In each of the first and second semiconductor devices of the present invention, it is 
preferable that the metal compound film is a metal carbide film, and the insulation film 
contains carbon. 

Thus, carbon which is a common element of the metal compound film and the 

10 insulation film exists at an interface between the metal compound film and the insulation 
film, so that adhesion between the metal compound film and the insulation film is 
remarkably improved, compared to the case where the common element does not exist at 
the interface between the metal compound film and the insulation film. Therefore, a highly 
reliable semiconductor device including a multi-layer interconnect with a low resistance 

1 5 and excellent adhesion can be achieved. 

In each of the first and second semiconductor devices, it is preferable that the metal 
compound film is a metal silicide film, and the insulation film contains silicon. 

Thus, silicon which is a common element of the metal compound film and the 
insulation film exists at an interface between the metal compound film and the insulation 

20 film, so that adhesion between the metal compound film and the insulation film is 
remarkably improved, compared to the case where the common element does not exist at 
the interface between the metal compound film and the insulation film. Therefore, a highly 
reliable semiconductor device including a multi-layer interconnect with a low resistance 
and excellent adhesion can be achieved. 

25 In each of the first and second semiconductor devices, it is preferable that a metal 
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forming the metal compound film is a refractory metal. 

Thus, in the process step of further forming an interconnect of an upper layer after 
formation of the buried metal interconnect, even when heat of about 400 °C is applied, 
alternation of the metal compound film can be prevented. Therefore, a highly reliable 

5 semiconductor device can be achieved. 

In each of the first and second semiconductor devices, it is preferable that the metal 
interconnect is formed of copper or a copper alloy. 

Thus, a low cost, highly reliable and high performance semiconductor device 
including a multi-layer interconnect with a low resistance can be achieved. 

10 To achieve the above-described object, a third semiconductor device according to 

the present invention is characterized in that the semiconductor device includes: an 
insulation film formed on a substrate; a buried metal interconnect formed in the insulation 
film; and a barrier metal film formed between the insulation film and the metal 
interconnect, the barrier metal film is formed of a metal compound film of a metal silicide 

15 film or a metal carbide film provided so as to be in contact with the insulation film, and the 
insulation film contains a IV-group element. 

In the third semiconductor device, each of the metal compound film and the 
insulation film includes an element having a tetravalent electron orbit and a covalent bond 
tends to be formed at an interface between the metal compound film and the insulation 

20 film. Thus, adhesion between the metal compound film and the insulation is remarkably 
increased. Therefore, a highly reliable semiconductor device including a multi-layer 
interconnect with excellent adhesion can be achieved. 

To achieve the above-described object, a fourth semiconductor device according to 
the present invention is characterized in that the semiconductor device includes: an 

25 insulation film formed on a substrate; a buried metal interconnect formed in the insulation 



film; and a barrier metal film formed between the insulation film and the metal 
interconnect, the barrier metal film is formed of a metal compound film of a metal silicide 
film or a metal carbide film provided so as to be in contact with the insulation film and a 
film including one or more metal-containing layers formed on the metal compound film, 
5 and the insulation film contains a IV-group element. 

In the fourth semiconductor device, each of the metal compound film and the 
insulation film includes an element having a tetravalent electron orbit and a covalent bond 
tends to be formed at an interface between the metal compound film and the insulation 
film, so that adhesion between the metal compound film and the insulation is remarkably 
10 increased. Moreover, the barrier metal film includes the metal compound film and the film 
including one or more metal-containing layers and formed on the metal compound film. 
Thus, an overall resistance of the barrier metal film can be reduced. Therefore, a highly 
reliable semiconductor device including a multi-layer interconnect with excellent adhesion 
can be achieved. 

15 In the fourth semiconductor device of the present invention, it is preferable that the 

film including one or more metal-containing layers is formed of a metal film, a metal 
compound film or a multi-layer film including a combination of selected ones of the metal 
film and/or the metal compound film. 

Thus, a low resistance barrier metal film can be formed and adhesion between films 

20 in a metal lamination film can be improved. Therefore, a highly reliable semiconductor 
device including a multi-layer interconnect with a low resistance and excellent adhesion 
can be achieved. 

In each of the third and fourth semiconductor devices, it is preferable that a metal 
forming the metal compound film is a refractory metal. 
25 Thus, in the process step of further forming an interconnect of an upper layer after 
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formation of the buried metal interconnect, even when heat of about 400 °C is applied, 
alternation of the metal compound film can be prevented. Therefore, a highly reliable 
semiconductor device can be achieved. 

In each of the third and fourth embodiments of the present invention, it is 
preferable that the metal interconnect is formed of copper or a copper alloy. 

Thus, a low cost, highly reliable and high performance semiconductor device 
including a multi-layer interconnect with a low resistance can be achieved. 

A fifth semiconductor device according to the present invention is characterized in 
that the semiconductor device includes: a first insulation film formed on a substrate; a 
buried metal interconnect formed in the first insulation film; a barrier metal film formed 
between the first insulation film and the metal interconnect, a second insulation film is 
formed between the first insulation film and the barrier metal film, and the barrier metal 
film is a metal compound film, and the metal compound film contains at least one of 
elements forming the second insulation film. 

In the fifth semiconductor device of the present invention, a common element of 
the metal compound film and the second insulation film exists at an interface between the 
metal compound film and the second insulation film, so that adhesion between the metal 
compound film and the second insulation film is remarkably improved, compared to the 
case where the common element does not exist at the interface between the metal 
compound film and the second insulation film. Moreover, the second insulation film is 
formed on the first insulation film, so that adhesion between the insulation films is higher 
than adhesion between an insulation film and a metal film or a metal compound film. 
Accordingly, the degree of freedom of selection of the second insulation film for the 
purpose of improving adhesion between the metal compound film and the second 
insulation film is increased. Due to this, semiconductor device structure designing can be 
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facilitated. In this manner, overall adhesion from the insulation film formed on the 
substrate through the metal interconnect is largely improved. Therefore, a highly reliable 
semiconductor device including a multi-layer interconnect with excellent adhesion can be 
achieved. 

5 In the fifth semiconductor device, it is preferable that a film including one or more 

metal-containing layers is further formed between the metal compound film and the metal 
interconnect. 

Thus, the barrier metal film includes the film including the metal compound film 
and the film including one or more metal-containing layers and formed on the metal 
10 compound film, so that an overall resistance of the barrier metal film can be reduced. 
Therefore, a highly reliable semiconductor device including a multi-layer interconnect with 
a low resistance and excellent adhesion can be achieved. 

In the fifth embodiment of the present invention, it is preferable that the film 
including one or more metal-containing layers is formed of a metal film, a metal 
15 compound film or a multi-layer film including a combination of selected ones of the metal 
film and/or the metal compound film. 

Thus, a low resistance barrier metal film can be formed and adhesion between films 
in a metal lamination film can be improved. Therefore, a highly reliable semiconductor 
device including a multi-layer interconnect with a low resistance and excellent adhesion 
20 can be achieved. 

In the fifth semiconductor device of the present invention, it is preferable that the 
metal compound film is a metal nitride film, and the second insulation film contains 
nitrogen. 

Thus, nitrogen which is a common element of the metal compound film and the 
25 second insulation film exists at an interface between the metal compound film and the 
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second insulation film, so that adhesion between the metal compound film and the second 
insulation film is remarkably improved, compared to the case where the common element 
does not exist at the interface between the metal compound film and the second insulation 
film. Therefore, a highly reliable semiconductor device including a multi-layer 
5 interconnect with a low resistance and excellent adhesion can be achieved. 

In the fifth semiconductor device of the present invention, the metal compound film 
is a metal oxide film, and the second insulation film contains oxygen. 

Thus, oxygen which is a common element of the metal compound film and the 
second insulation film exists at an interface between the metal compound film and the 

10 second insulation film, so that adhesion between the metal compound film and the second 
insulation film is remarkably improved, compared to the case where the common element 
does not exist at the interface between the metal compound film and the second insulation 
film. Therefore, a highly reliable semiconductor device including a multi-layer 
interconnect with a low resistance and excellent adhesion can be achieved. 

15 In the fifth semiconductor device of the present invention, it is preferable that the 

metal compound film is a metal carbide film, and the second insulation film contains 
carbon. 

Thus, carbon which is a common element of the metal compound film and the 
second insulation film exists at an interface between the metal compound film and the 

20 second insulation film, so that adhesion between the metal compound film and the second 
insulation film is remarkably improved, compared to the case where the common element 
does not exist at the interface between the metal compound film and the second insulation 
film. Therefore, a highly reliable semiconductor device including a multi-layer 
interconnect with a low resistance and excellent adhesion can be achieved. 

25 In the fifth semiconductor device of the present invention, it is preferable that the 
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metal compound film is a metal silicide film, and the second insulation film contains 
silicon. 

Thus, silicon which is a common element of the metal compound film and the 
second insulation film exists at an interface between the metal compound film and the 
5 second insulation film, so that adhesion between the metal compound film and the second 
insulation film is remarkably improved, compared to the case where the common element 
does not exist at the interface between the metal compound film and the second insulation 
film. Therefore, a highly reliable semiconductor device including a multi-layer 
interconnect with a low resistance and excellent adhesion can be achieved. 
10 In the fifth semiconductor device of the preset invention, it is preferable that a 

metal forming the metal compound film is a refractory metal. 

Thus, in the process step of further forming an interconnect of an upper layer after 
formation of the buried metal interconnect, even when heat of about 400 °C is applied, 
alternation of the metal compound film can be prevented. Therefore, a highly reliable 
15 semiconductor device can be achieved. 

In the fifth semiconductor device of the present invention, it is preferable that the 
metal interconnect is formed of copper or a copper alloy. 

Thus, a low cost, highly reliable and high performance semiconductor device 
including a multi-layer interconnect with a low resistance can be achieved. 
20 To achieve the above-described object, a sixth semiconductor device according to 

the present invention is characterized in that the semiconductor device includes: a first 
insulation film formed on a substrate; a buried metal interconnect formed in the first 
insulation film; and a barrier metal film formed between the first insulation film and the 
metal interconnect, a second insulation film is formed between the first insulation film and 
25 the barrier metal film; the barrier metal film is formed of a metal compound film of a metal 
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silicide film or a metal carbide film, and the second insulation film contains a IV-group 
element. 

In the sixth semiconductor device, each of the metal compound film and the second 
insulation film includes an element having a tetravalent electron orbit and a covalent bond 
5 tends to be formed at an interface between the metal compound film and the second 
insulation film. Thus, adhesion between the metal compound film and the second 
insulation film is remarkably increased. Moreover, the second insulation film is formed on 
the first insulation film, so that adhesion between the insulation films is higher than 
adhesion between an insulation film and a metal film or a metal compound film. 

10 Accordingly, the degree of freedom of selection of the second insulation film for the 
purpose of improving adhesion between the metal compound film and the second 
insulation film is increased. Due to this, semiconductor device structure designing can be 
facilitated. In this manner, overall adhesion from the insulation film formed on the 
substrate through the metal interconnect is largely improved. Therefore, a highly reliable 

15 semiconductor device including a multi-layer interconnect with excellent adhesion can be 
achieved. 

In the sixth semiconductor device of the present invention, it is preferable that a 
film including one or more metal-containing layers is further formed between the metal 
compound film and the metal interconnect. 

20 Thus, the barrier metal film includes the metal compound film and the film 

including one or more metal-containing layers and formed on the metal compound film, so 
that an overall resistance of the barrier metal film can be reduced. Therefore, a highly 
reliable semiconductor device including a multi-layer interconnect with a low resistance 
and excellent adhesion can be achieved. 

25 In the sixth semiconductor device of the present invention, it is preferable that a 
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metal forming the metal compound film is a refractory metal. 

Thus, in the process step of further forming an interconnect of an upper layer after 
formation of the buried metal interconnect, even when heat of about 400 °C is applied, 
alternation of the metal compound film can be prevented. Therefore, a highly reliable 
5 semiconductor device can be achieved. 

In the sixth semiconductor device of the present invention, it is preferable that the 
metal interconnect is formed of copper or a copper alloy. 

Thus, a low cost, highly reliable and high performance semiconductor device 
including a multi-layer interconnect with a low resistance can be achieved. 
10 To achieve the above-described object, a first method for fabricating a 

semiconductor device according to the present invention is characterized by including the 
steps of: forming a recess portion in an insulation film formed on a substrate; forming a 
barrier metal film of a metal compound film containing at least one of elements forming 
the insulation film so that the barrier metal film covers at least surfaces of the recess 
15 portion; and forming a buried metal interconnect on the barrier metal film so that the 
buried metal interconnect fills the recess portion. 

According to the first semiconductor device fabrication method, a structure in 
which a common element of a metal compound film and an insulation film exists at an 
interface between the metal compound film and the insulation film can be achieved, so that 
20 adhesion between the metal compound film and the insulation film is remarkably 
improved, compared to the case where the common element does not exist at the interface 
between the metal compound film and the insulation film. Therefore, a highly reliable 
semiconductor device including a multi-layer interconnect with excellent adhesion can be 
fabricated. 

25 To achieve the above-described object, a second method for fabricating a 
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semiconductor device according to the present invention is characterized by including the 
steps of: forming a recess portion in a first insulation film formed on a substrate; forming a 
second insulation film so that the second insulation film covers at least surfaces of the 
recess portion; forming, on the second insulation film, a metal compound film containing 
5 at least one of elements forming the second insulation film; and forming a buried metal 
interconnect on the metal compound film so that the buried metal interconnect fills the 
recess portion. 

According to the second semiconductor device fabrication method, a structure in 
which a common element of a metal compound film and a second insulation film exists at 

10 an interface between the metal compound film and the second insulation film can be 
achieved, so that adhesion between the metal compound film and the second insulation 
film is remarkably improved, compared to the case where the common element does not 
exist at the interface between the metal compound film and the second insulation film. 
Moreover, the second insulation film is formed on the first insulation film, so that adhesion 

15 between the insulation films is higher than adhesion between an insulation film and a metal 
film or a metal compound film. Accordingly, the degree of freedom of selection of the 
second insulation film for the purpose of improving adhesion between the metal compound 
film and the second insulation film is increased. Due to this, semiconductor device 
structure designing can be facilitated. In this manner, overall adhesion from the insulation 

20 film formed on the substrate through the metal interconnect is largely improved. 
Therefore, a highly reliable semiconductor device including a multi-layer interconnect with 
excellent adhesion can be fabricated. 

In each of the first and second methods for fabricating a semiconductor device 
according to the present invention, it is preferable that the step of forming a barrier metal 

25 film includes the step of further forming, after formation of the metal compound film, a 
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film including one or more metal-containing layers on the metal compound film to obtain 
the barrier metal film including the metal compound film and the film including one or 
more metal-containing layers. 

Thus, the barrier metal film includes the metal compound film and the film 
5 including one or more metal-containing layers and formed on the metal compound film, so 
that an overall resistance of the barrier metal film can be reduced. Therefore, a highly 
reliable semiconductor device including a multi-layer interconnect with a low resistance 
and excellent adhesion can be fabricated. 

In each of the first and second methods for fabricating a semiconductor device 
10 according to the present invention, it is preferable that the film including one or more 
metal-containing layers is a metal film, a metal compound film or a multi-layer film 
including a combination of selected ones of the metal film and/or the metal compound 
film. 

Thus, a low resistance barrier metal film can be formed and adhesion between films 
15 in a metal lamination film can be improved. Therefore, a highly reliable semiconductor 
device including a multi-layer interconnect with a low resistance and excellent adhesion 
can be fabricated. 

In each of the first and second methods for fabricating a semiconductor device 
according to the present invention, it is preferable that the metal oxide film is a metal 
20 nitride film, and the insulation film formed so as to be adjacent to the metal compound film 
contains nitrogen. 

Thus, nitrogen which is a common element of the metal compound film and the 
insulation film provided so as to be adjacent to the metal compound film exists at an 
interface between the metal compound film and the insulation film, so that adhesion 
25 between the metal compound film and the insulation film is remarkably improved, 
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compared to the case where the common element does not exist at the interface between 
the metal compound film and the insulation film. Therefore, a highly reliable 
semiconductor device including a multi-layer interconnect with a low resistance and 
excellent adhesion can be fabricated. 
5 In each of the first and second methods for fabricating a semiconductor device 

according to the present invention, it is preferable that the metal compound film is a metal 
oxide film, and the insulation film formed so as to be adjacent to the metal compound film 
contains oxygen. 

Thus, oxygen which is a common element of the metal compound film and the 

10 insulation film formed so as to be adjacent to the metal compound film exists at an 
interface between the metal compound film and the insulation film, so that adhesion 
between the metal compound film and the insulation film is remarkably improved, 
compared to the case where the common element does not exist at the interface between 
the metal compound film and the insulation film. Therefore, a highly reliable 

15 semiconductor device including a multi-layer interconnect with a low resistance and 
excellent adhesion can be fabricated. 

In each of the first and second methods for fabricating a semiconductor device 
according to the present invention, it is preferable that the metal compound film is a metal 
carbide film, and the insulation film formed so as to be adjacent to the metal compound 

20 film contains carbon. 

Thus, carbon which is a common element of the metal compound film and the 
insulation film provided so as to be adjacent to the metal compound film exists at an 
interface between the metal compound film and the insulation film, so that adhesion 
between the metal compound film and the insulation film is remarkably improved, 

25 compared to the case where the common element does not exist at the interface between 
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the metal compound film and the insulation film. Therefore, a highly reliable 
semiconductor device including a multi-layer interconnect with a low resistance and 
excellent adhesion can be fabricated. 

In each of the first and second methods for fabricating a semiconductor device 
5 according to the present invention, it is preferable that the metal compound film is a metal 
silicide film, and the insulation film formed so as to be adjacent to the metal compound 
film contains silicon. 

Thus, silicon which is a common element of the metal compound film and the 

insulation film exists at an interface between the metal compound film and the insulation 
10 film, so that adhesion between the metal compound film and the insulation film is 

remarkably improved, compared to the case where the common element does not exist at 

the interface between the metal compound film and the insulation film. Therefore, a highly 

reliable semiconductor device including a multi-layer interconnect with a low resistance 

and excellent adhesion can be fabricated. 
15 In each of the first and second methods for fabricating a semiconductor device 

according to the present invention, it is preferable that a metal forming the metal 

compound film is a refractory metal. 

Thus, in the process step of further forming an interconnect of an upper layer after 

formation of the buried metal interconnect, even when heat of about 400 °C is applied, 
20 alternation of the metal compound film can be prevented. Therefore, a highly reliable 

semiconductor device can be fabricated. 

In each of the first and second methods for fabricating a semiconductor device 

according to the present invention, it is preferable that the metal interconnect is formed of 

copper or a copper alloy. 
25 Thus, a low cost, highly reliable and high performance semiconductor device 
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including a multi-layer interconnect with a low resistance can be fabricated. 

A third method for fabricating a semiconductor device according to the present 
invention is characterized by including the steps of: forming a recess portion in an 
insulation film formed on a substrate and containing a IV-group element; forming a barrier 
5 metal film including a metal compound film of a metal silicide film or a metal carbide film 
so that the barrier metal film covers at least surfaces of the recess portion; and forming a 
buried metal interconnect on the barrier metal film so that the buried metal interconnect 
fills the recess portion. 

According to the third semiconductor fabrication method, each of the metal 

10 compound film and the insulation film includes an element having a tetravalent electron 
orbit and a covalent bond tends to be formed at an interface between the metal compound 
film and the insulation film. Thus, adhesion between the metal compound film and the 
insulation is remarkably increased. Therefore, a highly reliable semiconductor device 
including a multi-layer interconnect with excellent adhesion can be fabricated. 

15 A fourth method for fabricating a semiconductor device according to the present 

invention is characterized by including: forming a recess portion in a first insulation film 
formed on a substrate; forming a second insulation film including a IV-group element so 
that the second insulation film covers at least surfaces of the recess portion; forming, on 
the second insulation film, a barrier metal film including a metal compound film of a metal 

20 silicide film or a metal carbide film; and forming a buried metal interconnect on the barrier 
metal film so that the metal interconnect fills the recess portion. 

According to the fourth semiconductor device fabrication method, each of the metal 
compound film and the second insulation film includes an element having a tetravalent 
electron orbit and a covalent bond tends to be formed at an interface between the metal 

25 compound film and the second insulation film. Moreover, the second insulation film is 
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formed on the first insulation film, so that adhesion between the insulation films is higher 
than adhesion between an insulation film and a metal film or a metal compound film. 
Accordingly, the degree of freedom of selection of the second insulation film for the 
purpose of improving adhesion between the metal compound film and the second 
5 insulation film is increased. Due to this, semiconductor device structure designing can be 
facilitated. In this manner, overall adhesion from the insulation film formed on the 
substrate through the metal interconnect is largely improved. Therefore, a highly reliable 
semiconductor device including a multi-layer interconnect with excellent adhesion can be 
fabricated. 

10 In each of the third and fourth methods for fabricating a semiconductor device 

according to the present invention, it is preferable that the step of forming the barrier metal 
film includes the step of forming, after formation of the metal compound film, a film 
including one or more metal-containing layers on the metal compound film to obtain the 
barrier metal film including the metal compound film and the film including one or more 

15 metal-containing layers. 

Thus, the barrier metal film includes the metal compound film and the film 
including one or more metal-containing layers and formed on the metal compound film, so 
that an overall resistance of the barrier metal film can be reduced. Therefore, a highly 
reliable semiconductor device including a multi-layer interconnect with a low resistance 

20 and excellent adhesion can be achieved. 

In each of the third and fourth semiconductor fabrication methods according to the 
present invention, it is preferable that a metal forming the metal compound film is a 
refractory metal. 

Thus, in the process step of further forming an interconnect of an upper layer after 
25 formation of the buried metal interconnect, even when heat of about 400 °C is applied, 
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alternation of the metal compound film can be prevented. Therefore, a highly reliable 
semiconductor device can be achieved. 

In each of the third and fourth semiconductor fabrication methods according to the 
present invention, it is preferable that the metal interconnect is formed of copper or a 
5 copper alloy. 

Thus, a low cost, highly reliable and high performance semiconductor device 
including a multi-layer interconnect with a low resistance can be achieved. 
Effects of the invention 

In the first semiconductor device of the present invention, a common element of the 

10 metal compound film and the insulation film exists at an interface between the metal 
compound film and the insulation film, so that adhesion between the metal compound film 
and the insulation film is remarkably improved, compared to the case where the common 
element does not exist at the interface between the metal compound film and the insulation 
film. Therefore, a highly reliable semiconductor device including a multi-layer 

15 interconnect with excellent adhesion can be achieved. 

In the second semiconductor device of the present invention, a common element of 
the metal compound film and the insulation film exists at an interface between the metal 
compound film and the insulation film, so that adhesion between the metal compound film 
and the insulation film is remarkably improved. Moreover, the barrier metal film includes 

20 the metal compound film and the film including one or more metal-containing layers and 
formed on the metal compound film. Thus, an overall resistance of the barrier metal film 
can be reduced. Therefore, a highly reliable semiconductor device including a multi-layer 
interconnect with a low resistance and excellent adhesion can be achieved. 

In the third semiconductor device of the present invention, each of the metal 

25 compound film and the insulation film includes an element having a tetravalent electron 
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orbit and a covalent bond tends to be formed at an interface between the metal compound 
film and the insulation film. Thus, adhesion between the metal compound film and the 
insulation is remarkably increased. Therefore, a highly reliable semiconductor device 
including a multi-layer interconnect with excellent adhesion can be achieved. 

5 In the fourth semiconductor device of the present invention, each of the metal 

compound film and the insulation film includes an element having a tetravalent electron 
orbit and a covalent bond tends to be formed at an interface between the metal compound 
film and the insulation film, so that adhesion between the metal compound film and the 
insulation is remarkably increased. Moreover, the barrier metal film includes the metal 

10 compound film and the film including one or more metal-containing layers and formed on 
the metal compound film. Thus, an overall resistance of the barrier metal film can be 
reduced. Therefore, a highly reliable semiconductor device including a multi-layer 
interconnect with excellent adhesion can be achieved. 

In the fifth semiconductor device of the present invention, a common element of 

15 the metal compound film and the second insulation film exists at an interface between the 
metal compound film and the second insulation film, so that adhesion between the metal 
compound film and the second insulation film is remarkably improved, compared to the 
case where the common element does not exist at the interface between the metal 
compound film and the second insulation film. Moreover, the second insulation film is 

20 formed on the first insulation film, so that adhesion between the insulation films is higher 
than adhesion between an insulation film and a metal film or a metal compound film. 
Accordingly, the degree of freedom of selection of the second insulation film for the 
purpose of improving adhesion between the metal compound film and the second 
insulation film is increased. Due to this, semiconductor device structure designing can be 

25 facilitated. In this manner, overall adhesion from the insulation film formed on the 
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substrate through the metal interconnect is largely improved. Therefore, a highly reliable 
semiconductor device including a multi-layer interconnect with excellent adhesion can be 
achieved. 

In the sixth semiconductor device of the present invention, each of the metal 

5 compound film and the second insulation film includes an element having a tetravalent 
electron orbit and a covalent bond tends to be formed at an interface between the metal 
compound film and the second insulation film. Thus, adhesion between the metal 
compound film and the second insulation film is remarkably increased. Moreover, the 
second insulation film is formed on the first insulation film, so that adhesion between the 

10 insulation films is higher than adhesion between an insulation film and a metal film or a 
metal compound film. Accordingly, the degree of freedom of selection of the second 
insulation film for the purpose of improving adhesion between the metal compound film 
and the second insulation film is increased. Due to this, semiconductor device structure 
designing can be facilitated. In this manner, overall adhesion from the insulation film 

1 5 formed on the substrate through the metal interconnect is largely improved. Therefore, a 
highly reliable semiconductor device including a multi-layer interconnect with excellent 
adhesion can be achieved. 

According to the first inventive semiconductor device fabrication method, a 
structure in which a common element of a metal compound film and an insulation film 

20 exists at an interface between the metal compound film and the insulation film can be 
achieved, so that adhesion between the metal compound film and the insulation film is 
remarkably improved, compared to the case where the common element does not exist at 
the interface between the metal compound film and the insulation film. Therefore, a highly 
reliable semiconductor device including a multi-layer interconnect with excellent adhesion 

25 can be fabricated. 
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According to the second inventive semiconductor device fabrication method, a 
structure in which a common element of a metal compound film and a second insulation 
film exists at an interface between the metal compound film and the second insulation film 
can be achieved, so that adhesion between the metal compound film and the second 
5 insulation film is remarkably improved, compared to the case where the common element 
does not exist at the interface between the metal compound film and the second insulation 
film. Moreover, the second insulation film is formed on the first insulation film, so that 
adhesion between the insulation films is higher than adhesion between an insulation film 
and a metal film or a metal compound film. Accordingly, the degree of freedom of 

10 selection of the second insulation film for the purpose of improving adhesion between the 
metal compound film and the second insulation film is increased. Due to this, 
semiconductor device structure designing can be facilitated. In this manner, overall 
adhesion from the insulation film formed on the substrate through the metal interconnect is 
largely improved. Therefore, a highly reliable semiconductor device including a multi- 

15 layer interconnect with excellent adhesion can be fabricated. 

According to the third inventive semiconductor device fabrication method, each of 
the metal compound film and the insulation film includes an element having a tetravalent 
electron orbit and a covalent bond tends to be formed at an interface between the metal 
compound film and the insulation film. Thus, adhesion between the metal compound film 

20 and the insulation is remarkably increased. Therefore, a highly reliable semiconductor 
device including a multi-layer interconnect with excellent adhesion can be fabricated. 

According to the fourth inventive semiconductor device fabrication method, each 
of the metal compound film and the second insulation film includes an element having a 
tetravalent electron orbit and a covalent bond tends to be formed at an interface between 

25 the metal compound film and the second insulation film. Moreover, the second insulation 



film is formed on the first insulation film, so that adhesion between the insulation films is 
higher than adhesion between an insulation film and a metal film or a metal compound 
film. Accordingly, the degree of freedom of selection of the second insulation film for the 
purpose of improving adhesion between the metal compound film and the second 
5 insulation film is increased. Due to this, semiconductor device structure designing can be 
facilitated. In this manner, overall adhesion from the insulation film formed on the 
substrate through the metal interconnect is largely improved. Therefore, a highly reliable 
semiconductor device including a multi-layer interconnect with excellent adhesion can be 
fabricated. 

10 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1(a) is a cross-sectional view illustrating relevant part of a structure of a 
semiconductor device according to a first embodiment of the present invention; and FIG. 
1(b) is a view illustrating a structure for a second insulation film and a metal compound 
15 film in the semiconductor device of the first embodiment. 

FIG. 2(a) is a cross-sectional view illustrating relevant part of a structure of a 
semiconductor device according to a second embodiment of the present invention; and 
FIG. 2(b) is a view illustrating a structure for a second insulation film and a metal 
compound film in the semiconductor device of the second embodiment. 
20 FIG. 3(a) is a cross-sectional view illustrating relevant part of a structure of a 

semiconductor device according to a third embodiment of the present invention; and FIG. 
3(b) is a view illustrating a structure for a second insulation film and a metal compound 
film in the semiconductor device of the third embodiment. 

FIG. 4(a) is a cross-sectional view illustrating relevant part of a structure of a 
25 semiconductor device according to a fourth embodiment of the present invention; and FIG. 
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4(b) is a view illustrating a structure for a second insulation film and a metal compound 
film in the semiconductor device of the fourth embodiment. 

FIG. 5 is a cross-sectional view illustrating relevant part of a structure of a 
semiconductor device according to a fifth embodiment of the present invention. 
5 FIG. 6 is a cross-sectional view illustrating relevant part of a structure of a 

semiconductor device according to a sixth embodiment of the present invention. 

FIGS. 7(a) through (c) are cross-sectional views of relevant part of a semiconductor 
device according to a seventh embodiment of the present invention illustrating respective 
steps for fabricating the semiconductor device. 
10 FIGS. 8(a) and 8(b) are cross-sectional views of relevant part of a semiconductor 

device according to an eighth embodiment of the present invention illustrating respective 
steps for fabricating the semiconductor device. 

FIGS. 9(a) and 9(b) are cross-sectional views of relevant part of a semiconductor 
device according to the eighth embodiment of the present invention illustrating respective 
15 steps for fabricating the semiconductor device. 

FIGS. 10(a) through (c) are cross-sectional views of relevant part of a 
semiconductor device according to a ninth embodiment of the present invention illustrating 
respective steps for fabricating the semiconductor device. 

FIG. 11 is a cross-sectional view illustrating respective steps for fabricating a 
20 known semiconductor device. 



BEST MODE FOR CARRYING OUT THE INVENTION 

(First Embodiment) 

Hereinafter, a semiconductor device according to a first embodiment of the present 
25 invention will be described with reference to FIGS. 1(a) and 1(b). 
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FIG. 1(a) is a cross-sectional view illustrating relevant part of a structure of the 
semiconductor device according to the first embodiment of the present invention. 

As shown in FIG. 1(a), a first insulation film 2 is formed on a silicon substrate 1. 
A first interconnect 4 which is a copper interconnect of a lower layer including a first 

5 barrier metal film 3 is formed in the first insulation film 2. On the silicon substrate 1, a 
transistor and the like (not shown) are formed. A dielectric barrier film 5 for preventing 
diffusion of copper and a second insulation film 6 are formed in this order over the first 
insulation film 2 and the first interconnect 4. Thus, an insulating layer including the 
dielectric barrier film 5 and the second insulation film 6 is formed. 

10 A via hole 6a is formed in the dielectric barrier film 5 and the second insulation 

film 6 so as to reach the first interconnect 4, and an interconnect trench 6b is formed in the 
second insulating film 6 so as to communicate with the via hole 6a. Thus, a recess portion 
6c can be formed by process steps for forming a dual damascene interconnect trench (i.e., 
the recess portion 6c including the via hole 6a and the interconnect trench 6b) using known 

15 lithography, etching, ashing and cleaning. In general, a method in which the via hole 6a is 
formed and then the interconnect trench (trench) 6b is formed has been widely used. 

Moreover, a metal compound film 7 as a second barrier metal film is formed on 
surfaces of the recess portion 6c by physical vapor deposition (PVD) or like film formation 
method. In this case, the metal compound film 7 is formed in order to prevent diffusion of 

20 copper into the second insulation film 6 and also to improve adhesion between a second 
interconnect 8 which will be described later and the second insulation film 6. Moreover, 
the metal compound film 7 may be formed by some other method than physical vapor 
deposition, i.e., atomic layer deposition (ALD), chemical vapor deposition (CVD) or the 
like. 

25 Furthermore, a copper film is filled in the recess portion 6c to form a second 
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interconnect 8 on the metal compound film 7. The second interconnect 8 is formed in the 
following manner. First, a copper layer is formed on the metal compound film 7 by 
physical vapor deposition and then a copper film is formed by copper electroplating using 
the copper seed layer as a seed so as to fill the recess portion 6c and cover an entire surface 
5 of the second insulation film 6. Subsequently, parts of the copper film and the metal 
compound film 7 located on the second insulation film 6, except for parts thereof located 
inside the recess portion 6c, are removed by chemical mechanical polishing (CMP). Thus, 
the second interconnect 8 and a via plug which is part of the second interconnect 8 are 
simultaneously formed. A multi-layer interconnect is formed by repetition of a series of 

10 process steps from formation of the dielectric barrier film 5 to chemical mechanical 
polishing. In this embodiment, the case where a dual damascene technique is used is 
described. However, a single damascene technique may be used. In such a case, an 
interconnect and a via plug which is part of the interconnect are alternately formed. 

As the dielectric barrier film 5, a silicon nitride film, a silicon nitride carbide film, a 

15 silicon carbide oxide film, a silicon carbide film, or an insulation film such as a lamination 
film formed of a combination of those films is preferably used. The dielectric barrier film 
5 has the function of preventing diffusion of copper of the first interconnect 4 into the 
second insulation film 6. The second insulation film 6 will be described later. 

As a metal forming the metal compound film 7, a refractory metal is preferably 

20 used. Thus, in the process step of forming an interconnect of an upper layer after 
formation of the second interconnect 8, even when heat of about 400 °C is applied, the 
metal compound film 7 is not altered by the heat treatment. Therefore, a highly reliable 
semiconductor device can be achieved. 

When the metal compound film 7 as a second barrier metal film is incorporated in 

25 an actual semiconductor device, the metal compound film 7 is preferably formed so as to 
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have a thickness of about several to 30 nm in a 65 nm generation semiconductor device. In 
a 45 nm generation semiconductor device, it is expected that the thickness of the second 
barrier metal film as a whole has to be about 1 5 nm or less at most. A method for forming 
the metal compound film 7 is preferably optimized in an arbitrary manner according to its 
5 application. 

As a material for the second interconnect 8, besides copper, a low resistance metal 
such as silver, gold or platinum is preferably used. Thus, a low resistance multi-layer 
interconnect can be formed. It is more preferable that as a material of the second 
interconnect 8, copper or a copper alloy (i.e., an alloy containing copper as a main 

10 component and partially containing some other metal) is used. Thus, a semiconductor 
device including a low resistance multi-layer interconnect can be achieved at low cost. 

Now, features of the semiconductor device of the first embodiment of the present 
invention will be described. 

The semiconductor device of the first embodiment is characterized in that the metal 

15 compound film 7 as a second barrier metal film contains at least one of elements forming 
the second insulation film 6. Thus, a common element of the second insulation film 6 and 
the metal compound film 7 exists at an interface between the metal compound film 7 and 
the second insulation film 6, so that adhesion between the metal compound film 7 and the 
second insulation film 6 is remarkably improved, compared to the case where the common 

20 element does not exist at the interface between the metal compound film 7 and the second 
insulation film 6. Specifically, because of the existence of the common element at the 
interface between the metal compound film 7 and the second insulation film 6, when the 
metal compound film 7 is formed on a surface of the second insulation film 6, binding 
between the metal compound film 7 and the second insulation film 6 at an interface 

25 therebetween becomes stronger. Accordingly, there becomes almost seam less at the 
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interface between the metal compound film 7 and the second insulation film 6. Therefore, 
a highly reliable semiconductor device including a multi-layer interconnect with excellent 
adhesion can be achieved. 

In this embodiment, as the second insulation film 6, a second insulation film 6A 

5 made of a material selected from the group consisting of materials shown in FIG. 1(b) is 
preferably used. Specifically, as the second insulation film 6A, a silicon nitride film, a 
silicon oxide nitride film, a silicon oxide carbide nitride film, a silicon carbide nitride film 
or an insulation film formed of a nitrogen-containing organic film is preferably used. Each 
of the films may be a film formed by chemical vapor deposition or a SOD (spin on 

10 dielectric) film formed by spin coating. 

In this case, as shown in FIG. 1(b), a metal nitride film 7 A is preferably used as the 
metal compound film 7. 

Thus, because of the existence of nitrogen, which is the common element, at the 
interface between the metal nitride film 7A as the metal compound film 7 and the second 

15 insulation film 6 A as the second insulation film 6, adhesion between the metal compound 
film 7 and the second insulation film 6 is remarkably improved, compared to the case 
where the common element does not exist at the interface between the metal compound 
film 7 and the second insulation film 6. 

Thus, a highly reliable semiconductor device including a multi-layer interconnect 

20 with higher adhesion than that in the case where a metal film and an insulation film are 
jointed can be achieved. 

Specifically, as a metal of the metal nitride film 7A, titanium (Ti), zirconium (Zr), 
hafnium (Hf), tantalum (Ta), niobium (Nb), tungsten (W), vanadium (V), molybdenum 
(Mo), ruthenium (Ru), osmium (Os), rhodium (Rh), iridium (Ir), palladium (Pd) or 

25 platinum (Pt) is preferably used. 
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It is more preferable that as a metal of the metal nitride film 7A, a metal such as 
titanium (Ti), zirconium (Zr), hafnium (Hf), tantalum (Ta), niobium (Nb) and tungsten (W) 
may be preferably used. Thus, even when being nitrided, conductivity is not largely lost, 
so that a low resistance second barrier metal film can be formed. 
5 Even when a metal of the metal nitride film 7 A shown in FIG. 1(b) is further 

oxidized, carbonized, or silicidized, adhesion between a resultant film and the second 
insulation film 6A containing nitrogen becomes equivalent or according to adhesion of the 
metal nitride film 7A with the second insulation film 6A. 

As has been described, according to the first embodiment of the present invention, 
10 a highly reliable semiconductor device including a multi-layer interconnect with excellent 
adhesion between the metal compound film 7 as the second barrier metal film and the 
second insulation film 6 can be achieved. 

In this embodiment, the case where a dual damascene structure is adopted has been 
described. However, even in the case where a single damascene structure in which an 
15 interconnect and a via plug which is part of the interconnect are formed is adopted, the 
same effects as those described above can be achieved. 

(Second Embodiment) 

20 Hereinafter, a semiconductor device according to a second embodiment of the 

present invention will be described with reference to FIGS. 2(a) and 2(b). 

FIG. 2(a) is a cross-sectional view illustrating relevant part of a structure of the 
semiconductor device according to the second embodiment of the present invention. In the 
second embodiment, the description also shown in the first embodiment is not repeated. 

25 Hereinafter, the description will be given focusing on different points from the first 
embodiment. In FIGS. 2(a) and 2(b), each member also shown in FIGS. 1(a) and 1(b) is 
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identified by the same reference numeral. 

The second embodiment is different from the first embodiment in materials used as 
a second insulation film 6 and a metal compound film 7 and a combination of the 
materials. 

5 Specifically, as shown in FIGS. 2(a) and 2(b), a silicon oxide film, a silicon oxide 

fluoride film, a silicon oxide carbide film, a silicon oxide nitride film, a silicon oxide 
carbide nitride film or an insulation film formed of an organic film containing oxygen is 
used as a second insulation film 6B used in the second embodiment. Each of the films may 
be a film formed by chemical vapor deposition or a SOD (spin on dielectric) film formed 

10 by spin coating. 

In such a case, it is preferable that as shown in FIG. 2(b), a metal oxide film 7B is 
used as a metal compound film 7. 

Thus, oxygen which is a common element of the second insulation film 6B and the 
metal oxide film 7B exists at an interface between the metal oxide film 7B as the metal 
15 compound film 7 and the second insulation film 6B as the second insulation film 6. 
Accordingly, compared to the case where the common element does not exist at the 
interface between the metal compound film 7 and the second insulation film 6, adhesion 
between the metal compound film 7 and the second insulation film 6 can be remarkably 
improved. 

20 Therefore, a highly reliable semiconductor device including a multilayer 

interconnect with higher adhesion than that in the case where a metal film and an 
insulation film are jointed can be achieved. 

As a metal of the metal oxide film 7B, a metal such as titanium (Ti), zirconium 
(Zr), hafnium (Hf), tantalum (Ta), niobium (Nb), tungsten (W), vanadium (V), 

25 molybdenum (Mo), ruthenium (Ru), osmium (Os), rhodium (Rh), platinum (Pt), iridium 
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(Ir) and palladium (Pd) may be preferably used. 

It is more preferable that a metal such as vanadium (V), molybdenum (Mo), 
ruthenium (Ru), osmium (Os), rhodium (Rh), iridium (Ir), palladium (Pd) and platinum 
(Pt) is used. Thus, a conductivity of the metal is not lost even when being oxidized. 
5 Therefore, a low resistance second barrier metal film can be formed. 

Even when a metal of the metal oxide film 7B shown in FIG. 2(b) is further 
oxidized, carbonized, or silicidized, adhesion between a resultant film and the second 
insulation film 6B containing oxygen becomes equivalent or according to adhesion of the 
metal oxide film 7B with the second insulation film 6B. 
10 As has been described, according to the second embodiment of the present 

invention, a highly reliable semiconductor device including a multi-layer interconnect with 
excellent adhesion between the metal compound film 7 as the second barrier metal film 
and the second insulation film 6 can be achieved. 

15 (Third Embodiment) 

Hereinafter, a semiconductor device according to a third embodiment of the present 
invention will be described with reference to FIGS. 3(a) and 3(b). 

FIG. 3(a) is a cross-sectional view illustrating relevant part of a semiconductor 
device according to the third embodiment of the present invention. In the third 
20 embodiment, the description also shown in the first embodiment is not repeated. 
Hereinafter, the description will be given focusing on different points from the first 
embodiment. In FIGS. 3(a) and 3(b), each member also shown in FIGS. 1(a) and 1(b) is 
identified by the same reference numeral. 

The third embodiment is different from the first embodiment in materials used as 
25 the second insulation film 6 and the metal compound film 7 and a combination of the 
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materials. 

Specifically, as shown in FIGS. 3(a) and 3(b), a silicon oxide film, a silicon oxide 
fluoride film, a silicon oxide carbide film, a silicon carbide oxide film, a silicon oxide 
carbide nitride film, a silicon carbide film, a silicon carbide nitride film, a silicon nitride 
5 film or an insulation film formed of an organic film is used as a second insulation film 6C 
used in the third embodiment. Each of the films may be a film formed by chemical vapor 
deposition or a SOD (spin on dielectric) film formed by spin coating. 

In such a case, as shown in FIG. 3(b), it is preferable that the metal carbide film 7C 
is used as the metal compound film 7. 

10 Thus, carbon exists in the metal carbide film 7C. In the second insulation film 6C, 

silicon exists, except for the case where the second insulation film 6C is formed of an 
organic film. Carbon and silicon are elements having a tetravalent electron orbit and, 
unlike other elements, tend to form a covalent bond when a metal film is formed. 
Accordingly, adhesion between the metal carbide film 7C and the second insulation film 

15 6C is increased. 

It is more preferable that when the metal carbide film 7C is used as the metal 
compound film 7, a silicon oxide carbide film, a silicon carbide oxide film, a silicon oxide 
carbide nitride film, a silicon carbide film, a silicon carbide nitride film or an organic film 
is used as the second insulation film 6C. 

20 Thus, besides the above-described factors of improvement of adhesion, carbon 

which is a common element of the metal carbide film 7C as the metal compound film 7 
and the second insulation film 6C as the second insulation film 6 exists at an interface 
between the metal carbide film 7C and the second insulation film 6C. Accordingly, 
adhesion between the metal compound film 7 and the second insulation film 6 is 

25 remarkably increased, compared to the case where the common element does not exist at 
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the interface between the metal compound film 7 and the second insulation film 6. 
Moreover, when the second insulation film 6C is formed of an organic film, the organic 
film contains carbon as a main component and thus carbon which is the common element 
between the metal compound film 7 and the second insulation film 6 exists at the interface 
5 between the metal compound film 7 and the second insulation film 6. Therefore, adhesion 
between the metal carbide film 7C and the second insulation film 6C is increased. 

Thus, a highly reliable semiconductor device including a multi-layer interconnect 
with higher adhesion than that in the case where a metal film and an insulation film are 
jointed can be achieved. 
10 As a metal of the metal carbide film 7C, titanium (Ti), zirconium (Zr), hafnium 

(Hf), tantalum (Ta), niobium (Nb), tungsten (W), vanadium (V), molybdenum (Mo), 
ruthenium (Ru), osmium (Os), rhodium (Rh), iridium (Ir), palladium (Pd) or platinum (Pt) 
is preferably used. 

It is more preferable that a metal having a low resistivity even when being 

15 carbonized is used. 

Even when a metal of the metal nitride film 7C shown in FIG. 3(b) is further 
oxidized, carbonized, or silicidized, adhesion between a resultant film and the second 
insulation film 6C containing carbon becomes equivalent or according to adhesion of the 
metal nitride film 7C with the second insulation film 6C. 

20 As has been described, according to the third embodiment of the present invention, 

a highly reliable semiconductor device including a multi-layer interconnect with excellent 
adhesion between the metal compound film 7 as the second barrier metal film and the 
second insulation film 6 can be achieved. 

25 (Fourth Embodiment) 



38 



Hereinafter, a semiconductor device according to a fourth embodiment of the 
present invention will be described with reference to FIGS. 4(a) and 4(b). 

FIG. 4(a) is a cross-sectional view illustrating relevant part of a semiconductor 
device according to the fourth embodiment of the present invention. In the fourth 
5 embodiment, the description also shown in the first embodiment is not repeated. 
Hereinafter, the description will be given focusing on different points from the first 
embodiment. In FIGS. 4(a) and 4(b), each member also shown in FIGS. 1(a) and 1(b) is 
identified by the same reference numeral. 

As shown in FIGS. 4(a) and 4(b), a silicon oxide film, a silicon oxide fluoride film, 
10 a silicon oxide carbide film, a silicon carbide oxide film, a silicon oxide carbide nitride 
film, a silicon carbide film, a silicon carbide nitride film, a silicon nitride film, an 
insulation film formed of an organic film or an insulation film formed of an organic film 
containing silicon is used as the second insulation film 6D used in the fourth embodiment. 
Each of the films may be a film formed by chemical vapor deposition or a SOD (spin on 
15 dielectric) film formed by spin coating. 

In such a case, as shown in FIG. 4(b), it is preferable that a metal silicide film 7D is 
used as a metal compound film 7. 

Thus, silicon exists in the metal silicide film 7D. In the second insulation film 6D, 
silicon exists, except for the case where the second insulation film 6D is formed of an 
20 organic film (i.e., an insulation film formed of an organic film which does not contain 
silicon). Accordingly, silicon which is a common element of the metal silicide film 7D as 
the metal compound film 7 and the second insulation film 6D as the second insulation film 
6D exists at an interface between the metal silicide film 7D and the second insulation film 
6D. Therefore, adhesion between the metal compound film 7 and the second insulation 
25 film 6 is remarkably improved, compared to the case where the common element does not 
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exist at the interface between the metal compound film 7 and the second insulation film 6. 
Moreover, since silicon atoms tend to form a covalent bond, adhesion between the metal 
compound film 7 and the second insulation film 6 is further improved. Furthermore, when 
the second insulation film 6D is formed of an organic film (i.e., an insulation film formed 

5 of an organic film which does not contain silicon), the organic film contains carbon as a 
main component. Carbon and silicon are elements having a tetravalent electron orbit and a 
covalent bond tends to be formed. Therefore, a highly reliable semiconductor device 
including a multi-layer interconnect with more excellent adhesion than the case where a 
metal film and an insulation film are jointed can be achieved. 

10 Moreover, as a metal of the metal silicide film 7D, titanium (Ti), zirconium (Zr), 

hafnium (Hf), tantalum (Ta), niobium (Nb), tungsten (W), vanadium (V), molybdenum 
(Mo), ruthenium (Ru), osmium (Os), rhodium (Rh), iridium (Ir), palladium (Pd) or 
platinum (Pt) is preferably used. 

It is more preferable that a metal having a low resistivity even when being 

15 silicidized is used. 

Even when a metal of the metal nitride film 7D shown in FIG. 4(b) is further 
oxidized, carbonized, or silicidized, adhesion between a resultant film and the second 
insulation film 6D containing silicon is equivalent or according to adhesion of the metal 
nitride film 7D with the second insulation film 6D. 

20 As has been described, according to the fourth embodiment of the present 

invention, a highly reliable semiconductor device including a multi-layer interconnect with 
excellent adhesion between the metal compound film 7 as the second barrier metal film 
and the second insulation film 6 can be achieved. 

25 (Fifth Embodiment) 
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Hereinafter, a semiconductor device according to a fifth embodiment of the present 
invention will be described with reference to FIG. 5. In the fifth embodiment, the 
description also shown in the first embodiment is not repeated. Hereinafter, the description 
will be given focusing on different points from the first embodiment. In FIG. 5, each 
5 member also shown in FIG. 1(a) is identified by the same reference numeral. 

As shown in FIG. 5, the semiconductor device of the fifth embodiment is 
characterized by including a metal compound film 7 and a film 9 which is formed on the 
metal compound film 7 and includes one or more metal layers. The fifth embodiment is 
different from the first through fourth embodiments in this point. 
10 It is preferable that the film 9 including one or more metal layers is a metal film, a 

metal compound film or a multi-layer film formed of a combination of films selected from 
the group consisting of a metal film and a metal compound film. Needless to say, a 
refractory metal(s) is suitable for a metal(s) forming the film 9 including one or more metal 
layers. 

15 As described above, according to the fifth embodiment, a metal film having a lower 

resistivity than that of the metal compound film 7 or a multi-layer film including a metal 
film and a metal compound film is formed on a surface of the metal compound film 7 
having a higher resistivity than that of a metal film. Thus, compared to each of the first 
through fourth embodiments in which a single-layer film of a metal compound film is used 

20 as the second barrier metal film, a low resistance second barrier metal film can be formed 
in the fifth embodiment. 

As a metal forming the film 9 including one or more metal layers, titanium (Ti), 
zirconium (Zr), hafnium (Hf), tantalum (Ta), niobium (Nb), tungsten (W), vanadium (V), 
molybdenum (Mo), ruthenium (Ru), osmium (Os), rhodium (Rh), iridium (Ir), palladium 

25 (Pd) or platinum (Pt) is preferably used. For example, the resistivity of tantalum is 
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13 ([id cm), the resistivity of ruthenium is 7.5 (|ifi cm) and the resistivity of iridium is 
6.5 (fifl cm). 

When a metal oxide film is used as a metal compound film forming the film 9 
including one or more metal layers, vanadium (V), molybdenum (Mo), ruthenium (Ru), 

5 osmium (Os), rhodium (Rh), iridium (Ir), palladium (Pd), platinum (Pt) or the like is 
preferably used as the metal. For example, the resistivity of a ruthenium oxide film is 
35 (|iQxm) and the resistivity of an iridium oxide film is 30 (fiQ cm). With use of these 
metals, since the metals do not loose their conductivity (or have a low resistivity) when 
being oxidized, a low resistance second barrier metal film can be obtained. 

10 When a metal nitride film is used as a metal compound film forming the film 9 

including one or more metal layers, titanium (Ti), tantalum (Ta), zirconium (Zr), niobium 
(Nb), hafnium (Hf), tungsten (W) or the like is preferably used as the metal. For example, 
the resistivity of a titanium nitride film is 25 (|aQ*cm) and the resistivity of a tantalum 
nitride film is 130 (|iQ cm). With use of these metals, the resistivity of a metal nitride film 

1 5 becomes low and thus a low resistance second barrier metal film can be obtained. 

In this embodiment, when the metal compound film 7 is formed of a metal nitride 
film, the second insulation film 6A described as the second insulation film 6 in the first 
embodiment is used. Thus, a highly reliable semiconductor device including a multi-layer 
interconnect with excellent adhesion between the metal compound film 7 as the second 

20 barrier metal film and the second insulation film 6 can be achieved. 

In this embodiment, when the metal compound film 7 is formed of a metal oxide 
film, the second insulation film 6B described as the second insulation film 6 in the second 
embodiment is used. Thus, a highly reliable semiconductor device including a multi-layer 
interconnect with excellent adhesion between the metal compound film 7 as the second 

25 barrier metal film and the second insulation film 6 can be achieved. 
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In this embodiment, when the metal compound film 7 is a metal carbide film, the 
second insulation film 6C described as the second insulation film 6 in the third 
embodiment is used, a highly reliable semiconductor device including a multi-layer 
interconnect with excellent adhesion between the metal compound film 7 as the second 
5 barrier metal film and the second insulation film 6 can be achieved. 

In this embodiment, when the metal compound film 7 is a metal silicide film, the 
second insulation film 6D described as the second insulation film 6 in the fourth 
embodiment is used. Thus, a highly reliable semiconductor device including a metal 
interconnect with more excellent adhesion between the metal compound film 7 as the 
10 second barrier metal film and the second insulation film 6 can be achieved. 

As has been described, according to the fifth embodiment of the present invention, 
a highly reliable semiconductor device in which a multi-layer interconnect including a 
barrier metal film with a low resistance and excellent adhesion is provided can be 
achieved. 

15 

(Sixth Embodiment) 

Hereinafter, a semiconductor device according to a sixth embodiment of the present 
invention will be described with reference to FIG. 6. In the sixth embodiment, the 
description also shown in the fifth embodiment is not repeated. Hereinafter, the 
20 description will be given focusing on different points from the fifth embodiment. In FIG. 
6, each member also shown in FIG. 5 is identified by the same reference numeral. 

As shown in FIG. 6, a semiconductor device according to the sixth embodiment is 
characterized in that a third insulation film 10 is formed between a metal compound film 7 
and a second insulation film 6 and the metal compound film 7 contains at least one of 
25 elements forming the third insulation film 10. The sixth embodiment is different from the 
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fifth embodiment in this point. 

As described above, the second insulation film 6 and the third insulation film 10 are 
both insulation films and adhesion thereof is better than that of a combination of a metal 
and an insulation film or a combination of a metal compound film and an insulation film. 
5 Therefore, the degree of freedom of a combination of the third insulation film 10 and the 
metal compound film 7 selected for improving adhesion can be increased. 

Therefore, to achieve the same combination of the second insulation film 6 and the 
metal compound film 7 as the combination thereof described in each of the first through 
fourth embodiments, an insulation film suitable to the metal compound film 7 forming a 
10 second barrier metal film is preferably determined as the third insulation film 10. Thus, 
the degree of design of a semiconductor device can be increased. 

In FIG. 6, the structure in which a film 9 including one or more metal layers is 
formed is shown. However, the structure in which the film 9 including one or more metal 
layers is not formed may be used. 
15 As has been described, the insulation film 10 is selected so that the same 

combination of the second insulation film 6 and the metal compound film 7 as the 
combination thereof described in each of the first through fourth embodiments is satisfied. 
Therefore, a highly reliable semiconductor device including a multi-layer interconnect with 
a low resistance and excellent barrier metal film can be achieved. 

20 

(Seventh Embodiment) 

Hereinafter, a method for fabricating a semiconductor device according to a 
seventh embodiment of the present invention will be described with reference to FIGS. 
7(a) through 7(c). 

25 FIGS. 7(a) through 7(c) are cross-sectional views of relevant part of a 
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semiconductor device according to the seventh embodiment of the present invention 
illustrating respective steps for fabricating the semiconductor device. 

As shown in FIG. 7(a), a first insulation film 2 is formed on a silicon substrate 1 
and then a first interconnect 4 which is a copper interconnect of a lower layer including a 
5 first barrier metal film 3 is formed in the insulation film 2. On the silicon substrate 1, a 
transistor and the like (not shown) are formed. A dielectric barrier film 5 for preventing 
diffusion of copper and a second insulation film 6 are formed in this order over the first 
insulation film 2 and the first interconnect 4. Thus, an insulation layer including the 
dielectric barrier film 5 and the second insulation film 6 is obtained. 

10 Next, a via hole 6a is formed in the dielectric barrier film 5 and the second 

insulation film 6 so as to reach the first interconnect 4 and an interconnect trench 6b is 
formed in the second insulation film 6 so as to communicate to the via hole 6a. Thus, a 
recess portion 6c which is to be a dual damascene interconnect trench including the via 
hole 6a and the interconnect trench 6b is formed. The via hole 6a and the interconnect 

15 trench 6b are formed by process steps of a dual damascene interconnect trench (i.e., the 
recess portion 6c including the via hole 6a and the interconnect trench 6b) using known 
lithography, etching, ashing and cleaning. In general, a method in which the via hole 6a is 
first formed and then the interconnect (trench) 6b is formed has been widely used. 

Next, as shown in FIG. 7(b), a metal compound film 7 as a second barrier metal 

20 film is formed on the second insulation film 6 as well as the inside of the recess portion 6c 
by physical vapor deposition (PVD). In this case, the metal compound film 7 is formed of 
a film containing at least one of elements forming the second insulation film 6. The metal 
compound film 7 is formed in order to prevent diffusion of copper into the second 
insulation film 6 and also to improve adhesion between the second insulation film 6 and a 

25 second interconnect 8 which will be described later. Moreover, the metal compound film 7 
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may be formed by some other method than physical vapor deposition, i.e., atomic layer 
deposition (ALD), chemical vapor deposition (CVD) or the like. 

Next, as shown in FIG. 7(c), a copper seed layer is formed on the metal compound 
film 7 by physical vapor deposition and then a copper film is formed by copper 
5 electroplating using the copper seed layer as a seed so as to fill the recess portion 6c and 
cover an entire surface of the second insulation film 6. Subsequently, parts of the copper 
film and the metal compound film 7 located on the second insulation film 6, except for 
parts thereof located inside the recess portion 6c, are removed by chemical mechanical 
polishing (CMP). Thus, as shown in FIG. 7(c), a second interconnect 8 and a via plug 

10 which is part of the second interconnect 8 are simultaneously formed. Note that the second 
interconnect 8 may be an interconnect, a via plug or a combination of an interconnect and a 
via plug. Moreover, a multi-layer interconnect is formed by repeating a series of process 
steps from formation of the dielectric barrier film 5 to chemical mechanical polishing. In 
this embodiment, the case where a dual damascene technique is used has been described. 

15 However, a single damascene technique may be used. In such a case, an interconnect and 
a via plug which is part of the interconnect are alternately formed. 

As the dielectric barrier film 5, a silicon nitride film, a silicon nitride carbide film, a 
silicon carbide oxide film, a silicon carbide film, or an insulation film such as a lamination 
film of a combination of these films is preferably used. The dielectric barrier film 5 has 

20 the function of preventing diffusion of copper of the first interconnect 4 into the second 
insulation film 6. 

As the second insulation film 6, a silicon oxide film, a silicon oxide fluoride film, a 
silicon oxide carbide film, a silicon carbide oxide film, a silicon oxide carbide nitride film, 
a silicon carbide film, a silicon carbide nitride film, a silicon nitride film or an insulation 
25 film formed of an organic film is used. Each of the films may be a film formed by 
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chemical vapor deposition or a SOD (spin on dielectric) film formed by spin coating. 

As a metal forming the metal compound film 7, a refractory metal is preferably 
used. Thus, in the process step of forming an interconnect of an upper layer after 
formation of the second interconnect 8, even when heat of about 400 °C is applied, the 
5 metal compound film 7 is not altered by the heat treatment. Therefore, a highly reliable 
semiconductor device can be achieved. 

When the metal compound film 7 as a second barrier metal film is incorporated in 
an actual semiconductor device, the metal compound film 7 is preferably formed so as to 
have a thickness of about several to 30 nm in a 65 nm generation semiconductor device. In 
10 a 45 nm generation semiconductor device, it is expected that the thickness of the second 
barrier metal film as a whole has to be about 1 5 nm or less at most. A method for forming 
the metal compound film 7 is preferably optimized in an arbitrary manner according to its 
application. 

As a material of the second interconnect 8, some other metal than copper, i.e., a low 
15 resistance metal such as silver, gold and platinum is preferably used. Thus, a low 
resistance multi-layer interconnect can be formed. It is more preferable that as a material 
of the second interconnect 8, copper or a copper alloy (i.e., an alloy containing copper as a 
main component and partially containing some other metal) is used. Thus, a 
semiconductor device including a multi-layer interconnect with a low resistance can be 
20 fabricated at low cost. 

The method for fabricating a semiconductor device according to the seventh 
embodiment is characterized in that the metal compound film 7 formed of a film including 
at least one of elements of the insulation film 6. Thus, a common element of the second 
insulation film 6 and the metal compound film 7 exists at an interface between the metal 
25 compound film 7 and the second insulation film 6, so that adhesion between the metal 
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compound film 7 and the second insulation film 6 is remarkably improved, compared to 
the case where the common element does not exist at the interface between the metal 
compound film 7 and the second insulation film 6. The reason for this is that in forming 
the metal compound film 7 on a surface of the second insulation film 6, biding between the 
5 metal compound film 7 and the second insulation film 7 becomes stronger because of the 
existence of the common element and the interface becomes an almost seamless state. 
Therefore, a highly reliable semiconductor device including a multi-layer interconnect with 
excellent adhesion can be fabricated. 

In this embodiment, when the metal compound film 7 is formed of a metal nitride 

10 film, the second insulation film 6 A described as the second insulation film 6 in the first 
embodiment is used. Thus, a highly reliable semiconductor device including a multi-layer 
interconnect with excellent adhesion between the metal compound film 7 as the second 
barrier metal film and the second insulation film 6A can be achieved. 

In this embodiment, when the metal compound film 7 is formed of a metal oxide 

15 film, the second insulation film 6B described as the second insulation film 6 in the second 
embodiment is used. Thus, a highly reliable semiconductor device including a multi-layer 
interconnect with excellent adhesion between the metal compound film 7 as the second 
barrier metal film and the second insulation film 6 can be achieved. 

In this embodiment, when the metal compound film 7 is a metal carbide film, the 

20 second insulation film 6C described as the second insulation film 6 in the third 
embodiment is used. Thus, a highly reliable semiconductor device including a multi-layer 
interconnect with excellent adhesion between the metal compound film 7 as the second 
barrier metal film and the second insulation film 6 can be achieved. 

In this embodiment, when the metal compound film 7 is formed of a metal silicide 

25 film, the second insulation film 6D described as the second insulation film 6 in the fourth 
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embodiment is used. Thus, a highly reliable semiconductor device including a multi-layer 
interconnect with excellent adhesion between the metal compound film 7 as the second 
barrier metal film and the second insulation film 6 can be achieved. 

As has been described, according to the seventh embodiment of the present 
5 invention, a highly reliable semiconductor device in which a multi-layer interconnect 
including a barrier metal film with a low resistance and excellent adhesion can be 
fabricated. 

In this embodiment, the case where a dual damascene structure is adopted has been 
described. However, even when a single damascene structure in which an interconnect and 
10 a via plug which is part of the interconnect are formed is adopted, the same effects as those 
described above can be achieved. 

(Eighth Embodiment) 

Hereinafter, a method for fabricating a semiconductor device according to an eighth 
15 embodiment of the present invention will be described with FIGS. 8(a) and 8(b) and FIGS. 
9(a) and 9(b). 

FIGS. 8(a) and 8(b) and FIGS. 9(a) and 9(b) are cross-sectional views of relevant 
part of a semiconductor device according to the seventh embodiment of the present 
invention illustrating respective steps for fabricating the semiconductor device. In FIGS. 
20 8(a) and 8(b) and FIGS. 9(a) and 9(b), each member also shown in FIGS. 7(a) and 7(b) is 
identified by the same reference numeral. 

As shown in FIG. 8(a), a first insulation film 2 is formed on a silicon substrate 1 
and then a first interconnect 4 which is a copper interconnect of a lower layer including a 
first barrier metal film 3 is formed in the first insulation film 2. On the silicon substrate 1, 
25 a transistor and the like (not shown) are formed. A dielectric barrier film 5 for preventing 
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diffusion of copper and the second insulation film 6 are formed in this order over the first 
insulation film 2 and the first interconnect 4. Thus, an insulation layer including the 
dielectric barrier film 5 and the second insulation film 6 is formed. 

Next, a via hole 6a is formed in the dielectric barrier film 5 and the second 

5 insulation film 6 so as to reach the first interconnect 4 and an interconnect trench 6b is 
formed in the second insulation film 6 so as to communicate to the via hole 6a. Thus, a 
recess portion 6c which is to be a dual damascene interconnect trench including the via 
hole 6a and the interconnect trench 6b is formed. The via hole 6a and the interconnect 
trench 6b are formed by process steps of a dual damascene interconnect trench (i.e., the 

10 recess portion 6c including the via hole 6a and the interconnect trench 6b) using known 
lithography, etching, ashing and cleaning. In general, a method in which the via hole 6a is 
first formed and then the interconnect (trench) 6b is formed has been widely used. 

Next, as shown in FIG. 8(b), a metal compound film 7 as a second barrier metal 
film is formed on the second insulation film 6 as well as the inside of the recess portion 6c 

15 by physical vapor deposition (PDV). In this case, the metal compound film 7 is a film 
containing at least one of elements forming the second insulation film 6. Moreover, the 
metal compound film 7 is formed in order to prevent diffusion of copper into the second 
insulation film 6 and also to improve adhesion between the second insulation film 6 and a 
second interconnect 8 which will be described later. Moreover, the metal compound film 7 

20 may be formed by some other method than physical vapor deposition, i.e., atomic layer 
deposition (ALD), chemical vapor deposition (CVD) or like the like. 

Next, as shown in FIG. 9(a), a film 9 including one or more metal layers is formed 
on the metal compound film 7. 

Next, as shown in FIG. 9(b), a copper seed layer is formed on the film 9 including 

25 one or more metal layers by physical vapor deposition and then a copper film is formed by 
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copper electroplating using the copper seed layer as a seed so as to fill the recess portion 6c 
and cover an entire surface of the film 9 including one or more metal layers. Note that the 
copper seed layer is not necessarily formed. Subsequently, parts of the copper film and the 
metal compound film 7 located on the film including one or more metal-containing layers, 
5 except for parts thereof located inside the recess portion 6c is removed by chemical 
mechanical polishing (CMP) or the like. Thus, as shown in FIG. 9(b), a second 
interconnect 8 and a via plug which is part of the second interconnect 8 are simultaneously 
formed. Note that the second interconnect 8 may be an interconnect, a via plug or a 
combination of an interconnect and a via plug. Moreover, a multi-layer interconnect is 
10 formed by repeating a series of process steps from formation of the dielectric barrier film 5 
to chemical mechanical polishing. In this embodiment, the case where a dual damascene 
technique is used has been described. However, a single damascene technique may be 
used. In such a case, an interconnect and a via plug which is part of the interconnect are 
alternately formed. 

15 Now, features of the semiconductor device of the eighth embodiment of the present 

invention will be described focusing on different points from the second embodiment. 

The method for fabricating a semiconductor device according to the eighth 
embodiment of the present invention is characterized by including, after formation of the 
metal compound film 7, the process step of forming the film 9 including one or more metal 

20 layers. The method of the eighth embodiment is different from the method for fabricating 
a semiconductor device according to the seventh embodiment in this point. 

It is preferable that the film 9 including one or more metal layers is a metal film, a 
metal compound film or a multi-layer film of a combination of a metal film and a metal 
compound film. Moreover, needless to say, a refractory metal is suitable for a metal 

25 forming the film 9. 
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As has been described, according to the eighth embodiment, a metal film having a 
lower resistance than that of the metal compound film 7 or a multi-layer film including a 
metal film and a metal compound film is formed on a surface of the metal compound film 
7 having a higher resistance than that of a metal film. Thus, compared to the seventh 
5 embodiment in which a single-layer film of a metal compound film is used as a second 
barrier metal film, a low resistance second barrier metal film can be formed in the eighth 
embodiment. 

As a metal forming the film 9, titanium (Ti), zirconium (Zr), hafnium (Hf), 
tantalum (Ta), niobium (Nb), tungsten (W), vanadium (V), molybdenum (Mo), ruthenium 

10 (Ru), osmium (Os), rhodium (Rh), iridium (Ir), palladium (Pd) or platinum (Pt) is 
preferably used. For example, the resistivity of tantalum is 13 (^*cm), the resistivity of 
ruthenium is 7.5 (|ifixm) and the resistivity of iridium is 6.5 (|iQxm). 

Moreover, when a metal oxide film is used as a metal compound film forming the 
film 9 including one or more metal layers, as a metal for the metal oxide film, vanadium 

15 (V), molybdenum (Mo), ruthenium (Ru), osmium (Os), rhodium (Rh), iridium (Ir), 
palladium (Pd), platinum (Pt) or the like is preferably used. For example, the resistivity of 
a ruthenium oxide film is 35 (jiQcm) and the resistivity of an iridium oxide film is 
30 (nfixm). With use of these metals, since these metals are metals which do not loose 
their conductivity (or have a low resistivity) when being oxidized, a low resistance second 

20 barrier metal film can be formed. 

Moreover, when a metal nitride film is used as a metal compound film forming the 
film 9 including one or more metal layers, as a metal for the metal nitride film, titanium 
(Ti), tantalum (Ta), zirconium (Zr), niobium (Nb), hafnium (Hf), tungsten (W) or the like 
is preferably used. The resistivity of a titanium nitride film is 25 (^iQ cm) and the 

25 resistivity of a tantalum nitride film is 130(|iQ cm). With use of these metals, the 



52 



resistivity of the metal nitride film becomes low and thus a low resistance second barrier 
metal film can be obtained. 

If a metal compound film has a low resistivity, the metal compound film can be 
used as a metal compound film forming the film 9 including one or more metal layers. A 
5 metal carbide film or a metal silicide film may be used. Furthermore, some other metal 
compound film having a low resistivity can be used as a compound film forming the film 9 
including one or more metal layers. 

Moreover, with use of a lamination film formed of the above-described 
combination of a metal and a metal compound film, the effect of preventing copper 

10 diffusion and reduction in resistance can be achieved at the same time. Thus, use of the 
lamination film as the second barrier metal film 6 is effective. As a matter of course, it is 
more preferable that to improve adhesion of the inside of the film 9 including one or more 
metal layers and adhesion between the film 9 including one or more metal layers and the 
metal compound film 7, a lamination film including a metal and a metal compound film as 

1 5 the film 9 including one or more metal layers is formed. 

The combination of the metal compound film 7 and the second insulation film 6 
and the effects of the combination are the same as those described in each of the first 
through fourth embodiments. 

Therefore, according to this embodiment, a metal film having a lower resistance 

20 than that of the metal compound film 7 and a multi-layer film formed of a metal film and a 
metal compound film is formed on a surface of the metal compound film 7 having a higher 
resistivity than that of a metal film. Thus, compared to the seventh embodiment in which a 
single-layer film of the metal compound film 7 is used as the second barrier metal film, a 
barrier metal film having a low resistance can be formed in the eighth embodiment. 

25 Note that in this embodiment, the case where a dual damascene structure is adopted 
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has been described. However, even a single damascene structure in which an interconnect 
and a via plug which is part of the interconnect is adopted, the same effects as those 
described above can be achieved. 

As has been described, according to the eighth embodiment of the present 
5 invention, excellent adhesion can be achieved between any adjacent two of the second 
insulation film 6, the second barrier metaf film including the metal compound film 7 and 
the film 9 including one or more metal layers and the second interconnect 8. Accordingly, 
a multi-layer interconnect including a barrier metal film with excellent adhesion can be 
achieved. Therefore, a highly reliable semiconductor device can be fabricated. 

10 

(Ninth Embodiment) 

Hereinafter, a method for fabricating a semiconductor device according to a ninth 
embodiment of the present invention will be described with reference to FIGS. 10(a) 
through 10(c). FIGS. 10(a) through 10(c) are cross-sectional views illustrating respective 

15 steps for fabricating a semiconductor device according to the ninth embodiment of the 
present invention. In the ninth embodiment, the description also shown in the seventh 
embodiment is not repeated. Hereinafter, the description will be given focusing on 
different points from the first embodiment. In FIGS. 10(a) through 10(c), each member 
also shown in FIGS. 7(a) through 7(c) is identified by the same reference numeral. 

20 As shown in FIG. 10(a), the method for fabricating a semiconductor device 

according to the ninth embodiment is characterized by including, after the process step of 
forming a recess portion 6c which is a dual damascene trench, the process step of forming 
a third insulation film 10 on a second insulation film 6 as well as the inside of the recess 
portion 6c. After formation of the third insulation film 10, as shown in FIG. 10(b), a metal 

25 compound film 7 including at least one of elements forming the third insulation film 10 is 
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formed on the third insulation film 10. Subsequently, as shown in FIG. 10(c), a second 
interconnect 8 which is a dual damascene interconnect is formed in the same manner as in 
the seventh embodiment. 

Thus, since the second insulation film 6 and the third insulation film 10 are both 
5 insulation films, adhesion between the second insulation film 6 and the third insulation 
film 10 is higher than adhesion between a metal and an insulation film or a metal 
compound film and an insulation film. Therefore, the degree of freedom of a combination 
of the third insulation film 10 and the metal compound film 7 selected for improving 
adhesion therebetween can be increased. 

10 For a combination of the metal compound film 7 and the third insulation film 10, it 

is preferably to determined to use an insulation film suitable for the metal compound film 7 
forming the second barrier metal film as the third insulation film 10, in the same manner as 
in determining the combination of the metal compound film 7 and the second insulation 
film 6 in each of the above-described first through fourth embodiments. In this case, for 

15 adhesion between the metal compound film 7 and the third insulation film 10, the same 
effects as those for adhesion between the metal compound film 7 and the second insulation 
film 6 described in each of the first through fourth embodiments can be achieved. 
Therefore, the number of choices for selecting a combination of the metal compound film 
7 and the third insulation film 10 is increased. Accordingly, the degree of freedom of 

20 design of a semiconductor device can be increased. 

As described above, the third insulation film 10 is selected in the same manner as in 
selecting the second insulation film 6 and the metal compound film 7 described in each of 
the first through fourth embodiments, so that a highly reliable semiconductor device 
including a barrier metal film with a low resistance and excellent adhesion can be 

25 achieved. 
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Moreover, by combining the eighth embodiment and the ninth embodiment, the 
effects of both of the embodiments can be achieved. Specifically, by adding the process 
step of forming the film 9 including one or more metal layers after the process step of 
forming the metal compound film 7 of this embodiment, a metal film having a lower 
5 resistance than that of the metal compound film 7 or a multi-layer film including a metal 
film and a metal compound film is formed on a surface of the metal compound film 7 
having a higher than that of a metal film. Thus, compared to the eighth embodiment in 
which a single-layer film of the metal compound film 7 is used as the second barrier metal 
film, a low resistance barrier metal film can be formed. 

10 Note that in this embodiment, the case where a dual damascene structure is adopted 

has been described. However, even when a single damascene structure in which an 
interconnect and a via plug which is part of the interconnect is adopted, the same effects as 
those described above can be achieved. 

As has been described, according to the ninth embodiment, a highly reliable 

15 semiconductor device in which a multi-layer interconnect including a barrier metal film 
with a low resistance and excellent adhesion can be achieved. 

INDUSTRIAL APPLICABILITY 

As has been described, the present invention is useful for a semiconductor device 
20 including a barrier metal film with a low resistance and excellent adhesion and a method 
for fabricating the semiconductor device. 



